In the past three decades, Brazil has undergone rapid changes in major social determinants of health and in the organisation of health services. In this report, we examine how these changes have aff ected indicators of maternal health, child health, and child nutrition. We use data from vital statistics, population censuses, demographic and health surveys, and published reports. In the past three decades, infant mortality rates have reduced substantially, decreasing by 5·5% a year in the 1980s and 1990s, and by 
Introduction
In the past three decades, Brazil has undergone rapid changes in terms of socioeconomic development, urbanisation, medical care, and the health of the population. The fi rst report 1 in this Series described how the country evolved in a few decades from a low-income, mostly rural country with multi-tiered health services to a middle-income, urban country with a unifi ed health system. This report addresses how trends in maternal and child health were aff ected by such changes. We expand on a previous analysis of time trends in inequalities in maternal and child health in Brazil, 2 and discuss the health of pregnant women in the context of reproductive rights, which include the right to reproductive choice, safe motherhood, and sexualilty without coercion.
3,4 Our analyses focus on abortion, contraception, pregnancy, and delivery care (see panel 1 for data sources). Injuries (including sexual violence) and infectious and chronic diseases in women will be discussed elsewhere in this Series. [18] [19] [20] The discussion of child health is restricted to children younger than 5 years, and focuses on infants because infant deaths account for 90% of all deaths of children younger than 5 years. 2 Maternal and child health, which have improved with time, show how Brazil has evolved in terms of health systems, health conditions, and broader social
Key messages
• The health and nutrition of Brazilian children has improved rapidly since the 1980s. A key indicator of Millennium Development Goal 1 (a reduction in the number of underweight children by half between 1990 and 2015) has already been met and Millennium Development Goal 4 (a two-thirds reduction in mortality rate of children younger than 5 years by 2015) will probably be met within the next 2 years.
• Progress in maternal mortality ratios is diffi cult to measure because time trends are distorted by improvements in vital statistics, but evidence exists of a decrease in maternal mortality ratios in the past three decades. However, Millennium Development Goal 5 (a reduction in maternal mortality by three-quarters between 1990 and 2015) will probably not be met.
• Regional and socioeconomic inequalities in intervention coverage, nutrition, and health outcomes in Brazil have largely decreased.
• The main factors that drive such trends probably include improvements in social determinants (ie, poverty, education of women, urbanisation, and fertility), non-health-sector interventions (ie, cash transfers, water, and sanitation), and the creation of a unifi ed national health system with geographical targeting for primary health care (giving previously underserved populations better access to health care), in addition to disease-specifi c programmes.
• Major challenges exist, including a reduction of the high frequency of caesarean section, illegal abortions, and preterm births, in addition to achieving further reductions in regional and socioeconomic inequalities in health.
determinants, which are discussed elsewhere in this Series. 1, [19] [20] [21] In the past 50 years, Brazil has evolved from a predominantly rural society to one in which more than 80% of the population live in urban areas, fertility rates have decreased from more than six to fewer than two children per woman, primary education became universal, and life expectancy at birth has increased by about 5 years every decade.
1, 21 The proportion of all deaths due to infectious diseases decreased substantially-Brazil is successful in the control of vaccinepreventable diseases and HIV/AIDS. 18 Brazilian health policies and systems have changed much in the past three decades. 1 In the late 1980s, a three-tiered health-care system with private, social security, and charitable institutions was replaced with a universal, tax-funded, national health system. Primary health care became the cornerstone of the system, and geographical targeting of care led to the setting-up of family health teams in the neediest areas of the country. At the same time, investments were made to improve human resources for health and scientifi c and technological development in the health sector.
1, 21 Since the 1990s, governmental policies have become increasingly focused on the provision of social protection mechanisms-not only the well known conditional cash transfer schemes but also the promotion of social inclusion in all sectors of society. As a result of such changes, the long-standing and pronounced diff erences in access to health care that exist between the wealthy south and southeast regions and the poor north and northeast regions have decreased, as has the fi nancial gap between the wealthiest and poorest families in Brazil.
1,21

Reproductive and maternal health
Maternal mortality constitutes a severe violation of the reproductive rights of women 22 because most maternal deaths can be prevented with early and appropriate care. 23 Until the late 1970s, maternal health issues were not on the scientifi c or health policy agendas in Brazil. This soon changed after 1980, when several maternal health policies and programmes were implemented. These initiatives, in addition to broader social changes such as improvements in women's education, urbanisation, and the changing role of women in society (ie, women entering the labour market and having fewer children), positively aff ected sexual and reproductive indicators. Although most Brazilian women described their religion as Roman Catholics, in 2006, 78·5% of married women reported use of modern contraceptive methods, compared with only 57% in 1986. The total fertility rate decreased sharply from 6·3 children per woman in the early 1960s to 1·8 children per woman in 2002-06. 12 The reduction in fertility rate has been slower for adolescents than for older mothers-39 in every 1000 women aged 10-19 years gave birth in 2006, which was a slight reduction from 45 in 1996, and for girls aged 10-14 years the birth rate increased slightly from 3 to 4 per 1000 women in the same period. 24 More than 20% of all infants in Brazil are born to adolescent mothers. 24 Access to antenatal care and delivery in a health facility also increased rapidly (as discussed later in this report). Greater use of health care, however, was accompanied by overmedicalisation (caesarean sections, episiotomies, multiple ultrasound scans, etc). Caesarean sections and routine episiotomies are common.
12
Caesarean sections
About 3 million births occurred in Brazil in 2007-89% were delivered by physicians and 8% by nurse-midwives (mostly in the north and northeast regions). 12 Almost half (47%) of all births were by caesarean sectioncaesarean sections constituted 35% of deliveries in the Unifi ed Health System (SUS; in which three-quarters of all births take place) and 80% of deliveries in the private sector. 48% of women with fi rst-time pregnancies gave birth by caesarean section. 12 Brazilian caesarean sections rates are substantially greater than the upper WHOrecommended limit of 15%, 25 and higher than has been reported in any other country. 26 Almost half (46%) of all
Panel 1: Data sources
Our review is based on data from four sources: vital statistics, national maternal and child health surveys, population censuses, and a review of published studies. The Ministry of Health created the Mortality Information System (SIM) in 1976 5 and the Live Births Information System (SINASC) in 1990. 6 These web-based systems allow data to be disaggregated at the level of the 27 states and 5564 municipalities. SIM provides information on the underlying cause of death and on demographic characteristics (age, sex, etc). On the basis of comparison of indirect mortality estimates from censuses and surveys, an estimated 89% of deaths at all ages are reported to SIM; for infant deaths, coverage was 72% in 2006, up from less than 60% in the early 1990s. 7 Burials in unoffi cial cemeteries, for which a death certifi cate is not needed, result in under-reporting of deaths-in the northeastern region, slightly more than half of infant deaths are registered. 7 SINASC provides a broad range of information, including characteristics of mothers, pregnancies, and deliveries, and has a national coverage of 92%. In the report we used child mortality estimates that are based on a combination of vital statistics for eight states with full coverage, and indirect estimates that are based on censuses and probability surveys for the other 19 states. National mortality rates were estimated with a combination of state-level estimates, weighted by the number of livebirths. 8 For obtaining cause-specifi c death rates, we applied the proportions of registered deaths by cause-after exclusion of those that were ill-defi ned-to the estimated infant mortality rates. Further details of the data sources, methods, and ascertainment of causes of death are available elsewhere.
2,9
Population censuses took place in 1970, 1980, 1991, and 2000, 10 and annual multipurpose national household surveys often include health information.
11 Dedicated maternal-health and child-health surveys were done in 1986, 1996, and 2006-07, [12] [13] [14] providing indirect child-mortality estimates and data for coverage of maternal-health and child-health interventions. The 1996 and 2006-07 surveys also assessed child nutritional status. Additional anthropometric surveys were done in 1974-75 15 Births by caesarean section are more frequent among women from higher socioeconomic groups, women with more years of schooling, and white women. [30] [31] [32] The extent to which the increase in number of caesarean sections can be attributed to mothers' demand or to medical preference is a matter of much debate. In questionnairebased studies, 33, 34 most mothers report a preference for vaginal delivery, but in-depth interviews 35 suggest a widespread belief that caesarean sections are a better form of delivery than vaginal birthing because they are less painful. In two private hospitals in Rio de Janeiro, 70% of 437 women stated at the beginning of their gestation period that they would prefer a vaginal delivery-at the time of labour, however, only 30% of women maintained their original preference and only 10% of births were delivered vaginally. 33 Similar fi ndings have been recorded in other states. 36 Caesarean sections are often done during daytime hours on weekdays, which suggest that they are convenient for doctors to do. (Barros AJD, unpublished) .
The increasing rates of caesarean sections in the past 40 years have worried public health professionals and feminist groups alike. 37 In the 1970s, when the preference for caesarean sections became more common, doctors and hospitals earned more from the social security system for a caesarean section than they did for a vaginal delivery, which contributed to the increasing frequency of caesarean sections. 38 In reaction to this upward trend, equal pay for all types of delivery was instituted from 1980, but this led to only a temporary halting of the increase in number of babies delivered by caesarean section. 39 Other government policies were launched in an attempt to control the growing number of surgical deliveries; in 1998, the SUS established a limit of 40% for the proportion of institutional deliveries that they would reimburse, and this limit was gradually reduced to 30% by 2000. In 2000, an agreement between state administrations and the Ministry of Health (Pact for the Reduction of Caesarean Sections) was signed that aimed to reduce the frequency of caesarean sections to 25% of all births by 2007. These policies had a notable eff ect because the proportion of all caesarean sections that were reimbursed by the SUS decreased from 32·0% in 1997 to 23·9% in 2000 (fi gure 1). However, the Pact's eff ect was short lived, especially in the private sector, and the rates increased steadily after 2002. Women's movements have reacted strongly against overmedicalisation, 37 which has led to new policies such as the 2000 National Programme for the Humanization of Antenatal, Delivery and PostPartum Care, 40 and the 2005 ruling that encourages the presence of a doula (an assistant who provides physical and emotional support) during labour in public hospitals. 41 Despite evidence that caesarean sections, even if elective, are associated with increased maternal morbidity and mortality, 42, 43 there is no sign that the current upward trend is being stemmed.
Maternal mortality
Maternal mortality estimates in Brazil are aff ected by under-registration of deaths-especially in rural areas and small towns, 7 where mortality ratios tend to be highest-and by under-reporting of maternal causes in registered deaths.
2 A reproductive-age mortality survey in all state capitals in 2002 estimated a maternal mortality ratio (MMR) of 54·3 per 100 000 population, ranging from 42 in the south region to 73 in the northeast region. 44 This survey showed that many maternal deaths had been overlooked by the vital registration system, being attributed to other causes.
As a result of a political movement to increase the awareness of maternal mortality, several initiatives have helped improve the reporting of maternal deaths, including compulsory investigations into deaths of women of reproductive age. 45 There are now maternal mortality committees in all 27 states, in 172 sub-state regions, and in 748 municipalities. 45 Such measures led Lines are data from hospital information systems (red line=social security; 28 blue line=live births information system 6 ) and dots are data from national surveys [12] [13] [14] 16, 29 (light green dots=% of all births; dark green dots=% of hospital births).
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to improved detection and reporting of maternal deaths, but aff ects the interpretation of time trends and regional diff erences because the quality of reporting varies according to time and place. As of 2009, more than 40% of all deaths in women of reproductive age in the country were investigated. According to governmental statistics, 45 the maternal mortality ratio has been stable since 1996, at around 50 deaths per 100 000 livebirths. These estimates have not been corrected for changes in the proportion of deaths that are registered, nor for changes in the proportion of deaths of women of reproductive age that are investigated in detail. Several alternative MMR estimates are available, with widely discrepant results.
2 Two new sets of estimates were made available in 2010. Hogan and colleagues 45 predicted an MMR of 55 per 100 000 livebirths for Brazil in 2008, by use of a regression model based on total fertility rate, gross domestic product per head, HIV prevalence, neonatal mortality, and the level of a mother's education. The UN estimate a ratio of 58 maternal deaths per 100 000 livebirths for 2008, 46 with a model based on gross domestic product per capita, general fertility rate, and skilled birth attendance. 46 Annual reductions in Brazil's MMR were predicted by Hogan and colleagues (3·9% per year) and by the UN (4·0% per year), which are not surprising in view of the fact that that there were favourable trends in these explanatory variables over time (as discussed later in this report).
According to the International Classifi cation of Diseases, 47 the leading causes of registered maternal deaths in Brazil in 2007 were hypertensive disorders (23% of all maternal deaths), sepsis (10%), haemorrhage (8%), complications of abortion (8%), placental disorders (5%), other complications of labour (4%), embolism (4%), abnormal uterine contractions (4%), and HIV/AIDSrelated disorders (4%). Other direct causes accounted for 14% of all deaths and other indirect causes for 17%. Abortion-related deaths are likely to be under-reported, as discussed later in this report.
Maternal deaths, however, are only part of the challenges facing the health of pregnant women. Obstetric complications are the leading causes of hospital admission for women of reproductive age, accounting for 26·7% of all admissions (total of 1 060 538 admissions in 2008), second only to uncomplicated deliveries. 48 A nationwide study based on secondary data suggested that near-miss events (events in which a pregnant woman comes close to death but does not die) aff ect about 4% of all deliveries, especially those related to infection, pre-eclampsia, and haemorrhage. 49 This rate is about four times higher than such rates in developed countries. 50 What can be concluded about levels and trends in maternal mortality in Brazil? First, MMRs are still unacceptably high; even with under-registration, ratios are fi ve to ten times higher than in high-income countries. 51, 52 Second, regional disparities are substantial, underlining the socioeconomic diff erences and inequalities in access to health care that exist between the north and northeast regions and the south and southeast regions. Third, although the offi cial MMR has been stable in the past 15 years, modelled estimates suggest that ratios are declining, but trend analysis is obscured because of improved surveillance. This fi nding would explain the apparent disconnect between time trends in the MMR and improved coverage with reproductive health indicators (table).
Illegal abortions
Induced abortions are illegal in Brazil, except for women who have been raped or when a pregnancy endangers a woman's life. Even for severe fetal malformations such as anencephaly, judicial authorisation is needed. The illegality of abortion has not stopped abortions from being done, 54 has contributed to unsafe practices, and has restricted the reliability of abortion statistics. In a 2010 national survey of urban areas, 22% of 2002 women aged 35-39 years reported having had an induced abortion. 55 Unsafe abortions are a major cause of morbidity. In 2008, 215 000 hospital admissions within the SUS were for abortion-related complications, of which only 3230 were for legal abortions. Assuming that one in every fi ve abortions results in admission to hospital, this fi nding would suggest more than a million induced abortions are done in 2008 (21 per 1000 women aged 15-49 years). 56 In the same year, there were about 3 million births in the country, 6 suggesting that one in four pregnancies was terminated.
Among all maternal causes of death, those caused by abortion-related complications are the least likely to be properly reported. 57 In the 2002 reproductive age mortality survey, 11·4% of all maternal deaths were a result of abortion-related complications. 58 Such deaths are unevenly spread in the population; reliable information on incidence is not available, but young, black, periurban, and poor women seem to be most commonly aff ected. 55, 59 Black women are three times more likely to die from unsafe abortions than are white women. 59 These inequalities arise from diff erentials in access to contraceptive methods-even though such discrepancies are decreasing over time 2 -and are compounded by hardto-quantify factors such as intimate-partner violence. 20 National surveys in 1986, 1996, and 2006-07 recorded that about 20% of women with young children report that their most recent pregnancy was unintended.
A variety of methods are reportedly used to induce abortions, ranging from dangerous methods used outside the health sector to safe procedures in illegal, private clinics. Misoprostol is widely available at low cost, and is often used to induce abortions in women who then go to government health facilities for curettage. In a national survey of urban areas, drugs were used to induce 48% of all reported abortions. 55 A heated political debate is underway in the Brazilian Parliament. On the one hand, there are projects aimed Series at expanding pro-choice rights, including the decriminalisation of abortion. On the other hand, however, some members of parliament are trying to pass laws that would make any type of abortion illegal, including those of pregnancies that are a result of rape and when fetuses have serious malformations. In the 2010 presidential campaign, the two leading candidates, including the newly elected president who pursued an otherwise progressive political agenda, expressed antiabortion views. Nevertheless, there are early indications that a more liberal agenda will be pursued after the election, at the very least ensuring appropriate health care for women who underwent illegal abortions. Such anti-abortion views are common in countries with a Catholic majority, even though there has been substantial progress in other Latin American countries (eg, Mexico, where abortions are legal in the capital city). Epidemiological evidence on the social and health eff ects of illegal abortions should be used to refocus the debate on abortion, moving the discussion away from a purely moral perspective to focus on the sexual, reproductive, and health rights of women.
Child health
Unlike maternal health, the health of young children has been high on the political agenda for several decades. For example, the increase in infant mortality rates in some large cities during the 1970s-when the military regime was claiming record economic growth-was used by the democratic opposition as evidence that the so-called Brazilian economic miracle was failing to improve living conditions. 60 Greater awareness of the status of child health than of maternal health is probably because child health has historically been regarded as a general indicator of living standards and is easier to measure than is maternal mortality.
Indirect estimates show a slight decline in infant mortality from 162 deaths per 1000 livebirths in 1930 to 115 deaths per 1000 livebirths in 1970 10 -about a 1% decrease every year. In the 1970s, the annual rate of reduction in infant mortalities increased to 3·2% a year, so that by 1980 the infant mortality rate was 83 deaths per 1000 livebirths. The yearly decrease accelerated after 1980s; deaths per 1000 livebirths were 47 Even though changes in registration and hospital deliveries can aff ect the median age at death, such a large decline is unlikely to be a result of reporting bias. National time-series data for birthweight-specifi c neonatal mortality are not available, but local-level studies have recorded pronounced improvements since the 1980s. 62 Mortality of children aged 1-4 years also decreased, from about six deaths per 1000 live births in 1990 to about three deaths per 1000 livebirths in 2000, and has remained stable since.
2 The leading causes of registered deaths in 2007 were injuries (21%), respiratory infections (15%), and other infectious diseases (such as diarrhoeal disease, sepsis, viral infections, and meningitis; 13%). 5 Mortality rates in children aged younger than 5 years are For the fi rst column (Before 1985), the year in which data is from is given in parentheses. ··=data not available. *The survey-based estimate of caesarean sections is slightly lower than that reported by the Live Births Information System.
Table:
Coverage of indicators for reproductive, maternal, and child health from national surveys Series 10% higher than infant mortality rates. As far back as data are available (the 1930s), the northeast region has had the highest rates of child mortality in the country. This region, however, has had the fastest yearly decrease in child mortality rates since 1990 (fi gure 2)-5·9% a year on average. In 1990, the infant mortality rate (IMR) in the northeast region was 2·6 times greater than in the south region; by 2007, its infant mortality rate was only 2·2 times greater than that of the south region-the diff erence in total deaths decreased even more rapidly, from 47 deaths per 1000 livebirths in 1990 to 14 deaths per 1000 livebirths in 2007. Pronounced diff erences in mortality rates also exist within urban areas, with higher rates in favelas, or slums, than in more wealthy neighbourhoods. 63 The narrowing of regional disparities was accompanied by a reduction in the diff erence in child mortality rates between families in the top and bottom wealth quintiles.
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The diff erence in mortality rates between these two health quintiles decreased from 65 deaths per 1000 children in 1991 to 31 deaths per 1000 children in 2001-02. However, in 1991, the mortality rate for children younger than 5 years in the poorest quintile was 3·1 times higher than it was for children in the richest quintile, and this diff erence increased to 4·9 times higher in 2001-02.
These paradoxical fi ndings-a reduction in absolute inequalities accompanied by an increase in relative inequality-are not uncommon, 64 often seen when mortality rates are falling in all socioeconomic groups, but show that there is still room for improvement among wealthier populations. 65 Ethnic group diff erentials in mortality are also pronounced. In 2000, mortality in children younger than 5 years was 44 deaths per 1000 black children and 29 deaths per 1000 white children. 66 In the south region of Brazil, mortality rates have decreased faster for white children than they have for black children since the 1980s. 67 In Rio de Janeiro, although all women are entitled to free delivery care in a hospital, black mothers have greater diffi culty in being admitted to hospital (ie, having to visit more than one hospital before gaining access) and are less satisfi ed with the quality of delivery care they receive than are white mothers. 68 The largest decreases in cause-specifi c infant mortality in Brazil have been for deaths from diarrhoea, which decreased by 92% between 1990 and 2007, and deaths from respiratory infections, which decreased by 82% during the same period (fi gure 3). Also during this period, perinatal causes of death decreased by half (47%), whereas deaths due to congenital malformations remained stable. The proportion of deaths for which the cause could not be established also dropped substantially, from 9·0 deaths per 1000 children in 1990 to 0·8 deaths per 1000 children in 2007 (these deaths were proportionately allocated to the other groups of causes; fi gure 3).
Morbidity data show a rapid progress against some, but not all infectious diseases. Poliomyelitis was eliminated from Brazil in 1989 and the last autochthonous case of measles was in 1999. 41 In the northeast region, hospital admissions for diarrhoea accounted for 57% of all admissions to hospital for children in 1980, 30% in 1990, 69 and only 7·6% in 2008-09. 48 HIV prevalence in pregnant women is estimated to be 0·4%, 70 and the vertical transmission rate in seropositive women is estimated to be 7%, ranging from 5% in the south region to 15% in the north region. 71 Congenital syphilis is still a public health problem, aff ecting 1·7 babies in every 1000 livebirths in 2006-because of incomplete reporting, this number is probably an underestimation, 72 and is unacceptable for a fully preventable disease, 73 especially in a country where antenatal care is almost universal. Trends in infectious diseases are discussed elsewhere. 18 Data on stillbirths are available from vital registration. 74 In 2007, 32 165 stillbirths were reported (11 per 1000 births). The stillbirth rate has been steadily decreasing since data were fi rst reported in 1979, when 69 159 stillborn infants were recorded (more than 20 per 1000 births). These data suggest a true decrease in the stillbirth rate, because the improvement over time in vital registration would lead to an increase, not a decrease, in these rates. In the city of Pelotas, where researchers were able to collect data for all stillbirths over 
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Series two decades, the rate of antepartum stillbirths decreased from 13·1 per thousand births in 1982 to 8·4 per thousand births in 2004, and for intrapartum stillbirths the reduction was from 2·5 to 0·7 in the same period. 75 Nevertheless, preventable stillbirths still occur. According to a study in Rio de Janeiro, 76 congenital syphilis causes 5·4% of all stillbirths. Data from a study from Belo Horizonte 77 suggest that fetal deaths due to intrapartum anoxia sometimes occur (41·4% of all fetal deaths), even in hospital settings. Of all registered stillbirths in Brazil in 2007, 29·4% occurred in children who weighed more than 2·5 kg, indicating potentially avoidable conditions. 74 Even though most indicators of health in Brazil are improving, some are getting worse. A systematic review of population-based studies on preterm deliveries showed an increase from about 4% in the early 1980s to more than 10% after 2000. 78 This upward trend was confi rmed by data from repeated studies in two diff erent cities, 62, 79 in which standardised methods were used over time. Prematurity is the most common cause of infant mortality in Brazil, and its growing frequency has largely off set the gains from improved survival of low-birthweight infants because of better newborn care. 80 The extent to which medical interventions such as caesarean sections have contributed to the increase in preterm infants is much debated in Brazil; some studies 81 noted an association and others 82 reported that preterm rates increased to a similar extent for vaginal and caesarean section births.
Most preterm infants are born at 34-36 weeks, with a birthweight of more than 2·5 kg. The prevalence of low birthweight has been stable since 2000, at around 8%. 83 A reduction in the frequency of intrauterine growth restriction has been reported, 82 which could have off set the negative eff ect on birthweights of the increasing frequency of preterm deliveries.
Mortality rates of young Brazilian children have decreased rapidly in the past three decades, during which time regional and, to a lesser extent, social disparities have also decreased. Pronounced reductions in some causes of death-especially in those due to infectious diseases-have been accompanied by smaller reductions in neonatal mortality and by an increase in preterm deliveries.
Child nutrition
Much improvement has been made in the nutrition of Brazilian children. Data from four national surveys done during a 33-year period show a substantial decrease in the prevalence of child stunting (defi ned as height-for-age less than -2 Z scores of the WHO standard), 84 from 37·1% in 1974-75 to 7·1% in 2006-7. The annual rates of reduction have accelerated over time, with a 4·2% decrease between 1974-75 and 1989, a 5·4% decrease between 1989 and 1996, and a 6·0% decrease between 1996 and 2006-07. 85 Socioeconomic inequalities in stunting have also decreased. In 1974-75, children from families in the lowest wealth quintile were 4·9 times more likely to have stunted growth than were those from families in the highest wealth quintile-this ratio increased to 7·7 in 1989, stabilised at around 6·6 in 1996, and reduced sharply to 2·6 in 2007-08 (fi gure 4).
Historically, stunting prevalence is much higher in the poorest (northeast) region than in the wealthier southeast region; stunting was twice as common in the northeast region than it was in the southeast region in 1974-75, three times as common in 1989, and four times as common in 1996. 86 In the past decade, the frequency of stunting in the northeast region has reduced substantially-from 22·2% in 1996 to 5·9% in 2006-07-meaning that little diff erence now exists between the northeast and the wealthier regions (fi gure 5). The highest stunting prevalence is in the north region, which contains most of the Amazon rainforest.
Other indicators of child undernutrition have also improved. Prevalence of underweight (weight-for-age less than -2 Z scores of the WHO standard 84 ) decreased from 5·6% in 1989 to 2·2% in 2006-07. 85 Child obesity (weight-for-height more than 2 Z scores of the WHO standard 84 ) was stable at about 6-7% between 1974-75 and 2006-7, 85, 87 unlike obesity in adolescents and adults, which has increased during the same period. 19 Breastfeeding practices have improved substantially. In the 1974-75 nutrition survey, the median duration of breastfeeding was only 2·5 months, one of the shortest in any developing country. 15 It had increased to 5·5 months by 1989, 7 months by 1996, and 14 months by 2006-07. 11, 79, 80 Exclusive breastfeeding in children younger than 4 months of age increased from 3·6% in 1986 to 48·1% by 2006-07. 12, 13, 53 No national estimates on micronutrient defi ciencies exist. Data from local surveys show a high prevalence of iron defi ciency, especially in children younger than 5 years, 89 despite national programmes such as fl our fortifi cation, which was instituted in 2004 and required all wheat and maize fl our sold in the country to be fortifi ed with iron and folic acid. 90 In the past, vitamin A defi ciency was endemic in the rural semi-arid areas of the northeast. Up-to-date population-based information on vitamin A or Series zinc defi ciencies is not available, but major reductions in the prevalence of stunted growth in children, and in the number of deaths due to diarrhoea and other infectious diseases, suggest that such defi ciencies do not represent a national public health problem.
Intervention coverage
Population-based data on selected maternal-health and child-health indicators are available from three demographic and health surveys done in 1986, 14 1996, 13 and 2006-07. 12 Data for antenatal and delivery care are also available from a general household survey done in 1981. 29 The coverage of most indicators was, in the 1980s, high compared with present coverage in most low-income and middle-income countries. 91 Nevertheless, the coverage of contraception, antenatal, and delivery care indicators increased substantially between 1986 and 2006-07. Vaccine coverage also increased rapidly and is now nearly universal. 80% of children younger than 5 years live in a home with treated water from a public source. Oral rehydration increased rapidly in the 1980s and 1990s, but has remained at about 50% coverage since, and about half of children with cough or fever are brought to a health facilitybecause deaths from diarrhoea and respiratory infections have become rare events, the low coverage of these two case-management indicators does not confer a substantial health risk.
In addition to the high levels of intervention coverage, socioeconomic inequalities in coverage have decreased between 1996 and 2006-07. 2 In 1996, 71·6% of women in the poorest family-income quintile received skilled care during childbirth compared with 98·1% of those in the wealthiest quintile; by 2006-07, the respective coverage was 96·8% and 99·5%. Contraceptive prevalence increased from 55·8% to 86·0% in the same period for individuals in the poorest quintiles, and from 76·8% to 87·3% for those in the richest quintile. The proportion of children in the poorest quintile who received care for a cough or fever increased from 33·4% in 1996 to 49·1% in 2006-07, whereas the proportion of those in the richest quintile seeking such care remained stable at 65·1% in 1996 and 63·1% in 2006-07.
Despite high coverage levels, the quality of maternalhealth and child-health services is not consistently high. Data from in-depth studies show, for example, that despite an average of more than eight antenatal visits, half of the women in the city of Pelotas did not have a breast examination, and a quarter of women did not have a pelvic examination-even though 98% had one or more ultrasound scans. 39 Data from a national survey showed that only 62% of women giving birth in publicsector facilities had the results of a routine HIV test registered in their case notes, with pronounced variations according to education and ethnicity. 70 In a sample of women who gave birth in Rio de Janeiro, where hypertension is the leading cause of maternal deaths, only one in four had their blood pressure measured during labour. 93 A major paradox exists between overmedicalisation and underuse of simple but proven preventive measures such as breast and pelvic examinations, or measurement of blood pressure.
Even though coverage of antenatal and delivery care is high, such services are poorly integrated. For example, data from a survey in the Rio de Janeiro metropolitan area show that, before admission to a hospital, a third of women had to visit more than one maternity hospital during labour. 94 The most common reason they were turned away was because women with low-risk pregnancies sought care in high-complexity maternity hospitals, or because women with high-risk pregnancies sought care in low-complexity hospitals. This is a result of poor integration between antenatal services (usually provided in government health facilities) and birthing facilities, most of which are privately owned although affi liated with the SUS. 94 
Understanding the changes
Time trends in maternal and child health indicators should be interpreted in view of broad social determinants of health and of governmental actions outside the health sector, and in terms of health sector interventions. Figure 6 summarises changes in these . In the 1980s, mortality rates dropped rapidly despite little change in family incomes (fi gure 7). Child health became more prominent on the public agenda, and strong, vertical intervention programmes were scaled up (eg, oral rehydration, breastfeeding promotion, and vaccination programmes), and were later integrated within primary health care. 97 Macro-level changes in determinants such as fertility and urbanisation probably contributed to the decrease in mortality rates (fi gure 6). Since the 1980s, reduction of infant mortality rates became one of the key development targets agreed on by federal, state, and municipal administrations. In several states, overall budgetary allocations to municipalities are partly related to how rapidly infant mortality rates are reduced-other factors include demographic (eg, population size) and economic (eg, tax revenues) characteristics in each municipality. The 1990s were characterised by the substantial expansion of primary health care, with the SUS and two related programmes: community health workers and family health. Several assessments suggest that the family health programmes contributed to mortality reduction, especially in the poorest municipalities (panel 2), even though economic growth in the 1990s was slow and the average income changed little.
After 2000, the fi nancial gap between rich and poor populations in Brazil started to become less pronounced. There was a gradual but substantial reduction in the Gini coeffi cient in metropolitan areas (from 0·64 in 1991 to 0·49 in 2009), 105, 106 which can largley be attributed to cash transfer schemes and increased wages in the poorest populations. Major investments in primary schooling during the 1990s led to Brazilian mothers becoming more educated than ever before, and 
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reductions in the fertility rates meant they had fewer children to bring up. Coupled with several health-sector initiatives to reduce infant mortality (fi gure 6; webappendix p 3) these social and economic changes have contributed to the fact that Brazil has an infantmortality to income-per-person ratio that is comparable with other middle-income countries (fi gure 7).
Among more than 50 programmes and initiatives to improve child health, 107 key informants (webappendix p 3) attributed the largest eff ect to specifi c programmes (for promotion of immunisation, breastfeeding, and roomingin) and improved access to preventive and curative health care, including the SUS, the community health workers programme, and the Pastorate of the Child. The Pastorate of the Child is a Catholic-church based non-governmental organisation with 260 000 volunteers who work throughout the country to promote oral rehydration and other low-technology child survival interventions. 108 Child nutrition is one of the strongest proximate determinants of mortality. 109 A formal statistical analysis 87 of the decrease in stunting from 1996 to 2006-7 gave four major explanatory factors: increased maternal education, increased purchasing power in the poorest populations, a substantial expansion in coverage of maternal and child health services, and, to a lesser extent, the expansion of public water supply and sewage services. Changes in these distal determinants probably promoted child growth by improving diets (both breastfeeding and complementary foods), reducing infections (especially those that cause diarrhoea), and contributing to better child care. Several explanations exist for the sharp increase in breastfeeding duration. The 1981 National Programme for the Promotion of Breastfeeding (PNIAM) 88, 110 trained health workers and interacted strongly with mass media, policy makers, and civil society organisations such as the The 1988 constitution established a universal health system that was free-of-charge for users. Because health facilities were concentrated in urban and wealthy areas, the Family Health Programme (PSF) was launched in 1994 to enable teams of doctors, nurses, and community health workers to work in the country's poorest areas. Substantial salary incentives are provided to attract workers to the programme. The programme targeted such underserved populations eff ectively, and uptake was notably higher in poor municipalities and in low-income neighbourhoods in urban areas, the well known favelas or urban slums that are ubiquitous in Brazilian cities. 98, 99 Municipal-level analyses suggested that the programme had a positive eff ect on infant mortality, 99,100 especially through reduction of diarrhoea-related and pneumonia-related deaths, 101, 102 but no studies have been done on whether PSF helped reduce socioeconomic inequalities in infant mortality.
We used data from vital statistics to assess whether PSF implementation was associated with diff erentials in infant mortality (according to average municipal income) in an ecological analysis. For the 2005-07 period, 52% of Brazilian municipalities fulfi lled objective criteria for reliable vital statistics, covering 72% of the national population. 103 For the other 48% of municipalities, indirect mortality estimates were used based on UN model life tables. 104 Census data 10 were used to classify all municipalities in quintiles of average income, and information on the coverage of PSF was obtained from the Ministry of Health. Figure 2 shows that irrespective of PSF coverage, infant mortality is higher in poor municipalities than it is in rich municipalities. However, there is an interaction between income and PSF coverage. Where PSF coverage is greater than 80%, mortality in the poorest quintile is 1·5 times greater than in the richest quintile of municipalities; this ratio is 1·8 for municipalities with coverage between 60% and 80%, and 2·6 for those with less than 60% coverage. These results should be interpreted with caution because contextual factors could aff ect both PSF implementation and mortality, but these fi ndings accord with those from other evaluations that also suggest that implementation of PSF has had a positive eff ect on child health. and of more than 200 human milk banks. 112 These coordinated initiatives have meant that the median duration of breastfeeding in Brazil has increased by four times in the past three decades. 12, 13, 15 As mortality and nutrition improved, newborn health became more prominent on the national agenda. Because two-thirds of infant deaths occur in the neonatal period, and in response to the growing number of preterm births, large public investments have been made for the creation of neonatal intensive care units throughout the country. The number of beds in such units increased from 5·3 per 10 000 livebirths in 1999 113 to 25·2 in 2010.
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In 2006-07, progress in the improvement of child mortality and nutrition meant that Brazil achieved a key indicator for the fi rst Millennium Development Goal (MDG)-a reduction in the number of underweight children by half between 1990 and 2015. 115 If progress continues at the present rate, the fourth MDG-a twothirds reduction in mortality rate of children younger than 5 years by 2015-will be reached by mid-2011.
2 By contrast with progress in the fi rst and fourth MDG, progress towards the fi fth MDG-a reduction in maternal mortality by three-quarters relative to 1990 levels-has been slower. Since 1980, a series of national and international factors contributed to maternal health gaining prominence on the political agenda, before which time it had not featured heavily in governmental policies. In 1984, before the end of the military dictatorship and creation of the SUS, 1 pressure from feminist movements led to the establishment of the Programme of Integrated Care for Women's Health (PAISM) 116 to ensure women's sexual and reproductive rights, more than a decade before international consensus was reached in the Cairo and Beijing conferences. 117 Although fewer than for child health, many programmes and initiatives were launched to improve maternal health. The key informants who were surveyed for this report (webappendix p 3) mentioned, in addition to the 1984 PAISM, three broad initiatives to promote universal access to health care that had the biggest eff ect on maternal health-the creation of the SUS, the Community Health Worker programme, and the Family Health Programme. This fi nding underscores the key informants' perception of the importance of strengthening health systems for safe motherhood. 23 Some important questions remain about maternal health. Why does mortality seem to have stabilised at high levels, despite increased coverage with antenatal, delivery, and post-partum care? Even if the modelled estimates 46, 51 that predict a 4% annual decrease in MMR are correct, present ratios of 50 per 100 000 are much larger than in high-income countries. Are there other explanations for such high MMRs-eg, poor quality of existing services? Does the likely increase in the number of maternal deaths caused by unnecessary caesarean sections 43 off set improvements attributable to other interventions? Rapid and sustained improvements in vital statistics in the coming years would enable inferences from maternal mortality data to be made with more confi dence.
Conclusion
As a result of the changes described above, Brazil has been successful in terms of improving child health and nutrition.
2, 91 Even though questions remain about how much maternal mortality has decreased since 1990, changes in the coverage and equity of several reproductive, antenatal, and delivery care indicators are very encouraging.
Despite such progress, the mortality rate of children younger than fi ve years is about seven times higher in Brazil than in countries with the lowest child-mortality rates, 118 and the prevalence of stunting is about three times higher than in well-nourished populations, 119 indicating that there is still much room for improvement (panel 3).
An overarching challenge is how to reach those who are hardest to reach, such as rural populations in the Amazon rainforest and northeast regions, including those living in the 10% of Brazilian municipalities that do not have access to a physician. 21 The sixth article in this Series 21 includes a call for action with specifi c calls to governmental, civil society, academic, and professional bodies, which must be met to overcome these challenges. The rate of reductions in stunting, infant mortality, and fertility are among the fastest ever recorded worldwide. However, as the French microbiologist Rene Dubos clearly stated more than 50 years ago, "health is a mirage that keeps receding as we think we are approaching it". 120 In Brazil, new challenges to health have appeared, and some old challenges remain unchanged.
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